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METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE 



5 Background of the Invention 
Field of the Invention 

The present invention relates to a method for 
manufacturing a semiconductor device, and more particularly to a 
method for manufacturing a semiconductor device through a 
10 damascene technique using a low dielectric constant insulating 
film. 



Background Art 

In recent years, the speed of semiconductor devices has 

15 increased considerably, which has raised the problem of 

occurrence of a transmission delay due to a reduction in the 
signal propagation speed attributed to the wiring resistance and 
the parasitic capacitances between the wires and between the 
wiring layers in multilayered wiring portions. This problem has 

20 tended to worsen since the wiring resistance and the parasitic 
capacitance increase as the wiring width and the wiring pitch 
decrease with increasing integration density of the devices. 

In order to prevent occurrence of a signal delay due to 
such increases in the wiring resistance and the parasitic 

25 capacitance, attempts have been made to employ copper wiring 
instead of aluminum wiring, as well as using a low dielectric 
constant insulating film (herein referred to as a Low-k film) as 
an interlayer insulating film. 

As is known, a damascene technique may be used to form 

30 copper wiring using a Low-k film. This technique forms copper 
wiring without etching it, since the etching rate of copper is 
more difficult to control than that of aluminum. 
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Description will be made of a conventional copper wiring 
forming process using a damascene technique with reference to 
Figs. 6 and 7. It should be noted that in these figures, like 
numerals are used to denote like components, 
5 First of all, a stopper film 22 is formed on a silicon 

substrate 21 having a copper wiring layer 20 formed therein, as 
shown in Fig. 6A. The copper wiring layer 20 includes a barrier 
metal layer 20a and a copper layer 20b. Then, after forming a 
Low-k film 23 on the stopper film 22, a capping film 24 is 

10 formed on the Low-k film 23, producing the structure shown in 

Fig. 6B\ Then, the capping film 24, the Low-k film 23, and the 
stopper film 22 are etched, forming a via hole 25 and a wiring 
groove 26, as shown in Fig. 6C. After that, a barrier metal 27 
is formed on the inner surfaces of the via hole 25 and the 

15 wiring groove 26, and a copper layer 28 is buried in the via 
hole 25 and the wiring groove 26, forming a via plug 29 and a 
copper wiring layer 30. Thus, the above process can form copper 
wiring in which the copper wiring layer 20 formed in the silicon 
substrate 21 is electrically connected through the via plug 29 

20 to the copper wiring layer 30 formed above the silicon substrate 
21 , as shown in Fig . 6D . 

Specifically in the above process, the via hole 25 is 
formed as follows. First of all, a resist film 31 having a 
predetermined pattern is formed on the capping film 24, as shown 

25 in Fig. 7A. Then, the capping film 24 and the Low-k film 23 are 
etched by a photolithographic technique, forming an opening 32 
reaching the stopper film 22, as shown in Fig. 7B. After that, 
the resist film 31, which is no longer necessary, is removed 
through ashing, and a stopper film 22a exposed at the opening 32 

30 is etched to form a via hole 33, as shown in Fig. 7C. 

In the conventional process of etching the stopper film 
22a, however, etching of the stopper film 22a inevitably leads 
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to etching of the capping film 24. Furthermore, the Low-k film 
23 is exposed at the portion of the capping film 24 which has 
been removed due to the etching process and therefore the 
portion of the Low-k film 23 under the removed capping film 
5 portion is also etched. As a result, a cross-sectional shape of 
the via hole 33 is partially tapered as shown in Fig. 7C. If the 
Low-k film 23 has a tapered cross section as shown in Fig. 7C, 
it is not possible to form a copper wiring structure having an 
opening of desired dimensions, resulting in degraded electrical 

10 characteristics of the semiconductor device. 

Further, the ashing of the resist film 31 is carried out 
through oxygen plasma treatment, causing the problem of the Low- 
k film 23 being plasma-damaged and thereby changed in quality. 
Such damage is significant if a porous Low-k film having a 

15 dielectric constant of less than 2.5 is used. 

Summary of the Invention 

The present invention has been devised in view of the 
above problems. It is, therefore, an object of the present 
20 invention to provide a method for manufacturing a semiconductor 
device, capable of forming copper wiring having a desirable 
pattern shape. 

Another object of the present invention is to provide a 
method for manufacturing a semiconductor device, capable of 
25 ashing the resist film without damaging the Low-k film. 

According to one aspect of the present invention, in a 
method for manufacturing a semiconductor device, a stopper film 
is formed on a semiconductor substrate having a conductive layer 
30 formed therein. An interlayer insulating film is formed on the 
stopper film, the interlayer insulating film being made of a low 
dielectric constant material. A capping film is formed on the 
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interlayer insulating film. A resist film is formed on the 
capping film, the resist film having a predetermined pattern. 
The capping film and the interlayer insulating film are etched 
using the resist film as a mask to form an opening reaching the 
5 stopper. The portion of the stopper film exposed at the opening 
is etched with the resist film left in place to form a via hole. 
After the step of forming the via hole, the resist film is 
removed through ashing. 

10 Other and further objects, features and advantages of the 

invention will appear more fully from the following description. 

Brief Description of the Drawings 

Figs.lA-lF are cross-sectional views illustrating a 
15 method for manufacturing a semiconductor device according to the 
present invention . 

Fig.2A and 2B are cross-sectional TEM photographs 
according to the present invention. 

Fig. 3 and 4 show how the ashing rate changes with changing 
20 hydrogen concentration according to the present invention. 

Fig. 5 is a diagram showing how the ashing rate changes 
with temperature according to the present invention. 

Figs.6A~6D are cross-sectional views illustrating the 
conventional method for manufacturing a semiconductor device. 
25 Figs.7A-7C are cross-sectional views illustrating the 

conventional method for manufacturing a semiconductor device. 

Detailed Description of the Preferred Embodiments 

A preferred embodiment of the present invention will be 
30 described below in detail with reference to the accompanying 
drawings . 

Figs. 1A to IF are cross-sectional views illustrating a 
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method for manufacturing a semiconductor device according to an 
embodiment of the present invention. As shown in Fig. 1A, a 
stopper film 3 is formed on a semiconductor substrate 2 having a 
copper wiring layer 1 (a conductive layer) formed therein. The 
5 copper wiring layer 1 includes a barrier metal layer 4 and a 

copper layer 5. It should be noted that according to the present 
embodiment , another type of conductive layer may be formed 
instead of the copper wiring layer. For example, a wiring layer 
of a metal other than copper or an impurity doped region may be 

10 formed in the semiconductor substrate. 

Examples of the semiconductor substrate 2 include , for 
example, a silicon substrate., The stopper layer 3 is preferably 
made of a material having a high etching selectivity ratio 
against the interlayer insulating film formed thereon. 

15 Specifically, for example, an SiC film, Si x N y (e.g., Si 3 N 4 , Si 2 N 3 , 
SiN, etc.) film, SiCN film, or SiOC film may be used, though 
suitable materials vary depending on the type of interlayer 
insulating film. These films can be formed by a CVD (Chemical 
Vapor Deposition) technique, a sputtering technique, etc. 

20 Then, as shown in Fig. IB, an interlayer insulating film 6 

is formed on the stopper film 3, and a capping film 7 is formed 
on the interlayer insulating film 6. 

The interlayer insulating film 6 is preferably an 
insulating film of a low dielectric constant material (a Low-k 

25 film) . For example, the interlayer insulating film 6 may be a 
porous Si0 2 film, SiOC film, or SOG (Spin on Glass) film. 
Examples of suitable material for the SOG film include hydrogen 
silsesquioxane (HSQ) and methyl silsesquioxane (MSQ) . These 
films can be formed by a CVD technique, an SOD (Spin on 

30 Dielectric Coating) technique, etc. 

The capping film 7 prevents the interlayer insulating film 
6 from being etched when a resist film, described later, is 
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formed. The capping film 7 also functions to protect the 
interlayer insulating film 6 in a polishing process performed 
when a copper wiring layer is formed. For example, the capping 
film 7 may be an Si0 2 film or Si x N y (e.g., Si 3 N 4 , Si 2 N 3/ SiN, etc.) 
5 film formed by a CVD technique, a sputtering technique, etc. 

After forming the capping film 7, a resist film 8 having a 
predetermined pattern is formed on it, producing the structure 
shown in Fig. 1C. Specifically, a photoresist is coated on the 
capping film 7 and then exposed and developed to form the resist 
10 film 8. 

Then, the capping film 7 and the interlayer insulating 
film 6 are anisotropically etched, forming an opening 9. This 
etching automatically stops when the stopper film 3 has been 
reached. As a result, a portion 3a of the stopper film 3 is 

15 exposed at the opening 9, as shown in Fig. ID. 

An example of the etching equipment is a 2-frequency 
excitation parallel plate reactive ion etcher in which high 
frequency waves can be applied to the upper and lower electrodes 
at 60 MHz and 2 MHz. Specifically, a mixed gas consisting of 

20 ' octaf luorobutene (C 4 F 8 ) , nitrogen (N 2 ) , and argon (Ar) is 

introduced into the equipment, and the pressure within the 
equipment is maintained at 75 mT . In this state, powers of 2,400 
W and 3,300 W are applied to the upper and lower electrodes, 
respectively, to generate plasma. At that time, the flow rate 

25 ratio of the components of the etching gas may be set such that 
the flow rate of octaf luorobutene is 15 seem, that of nitrogen 
is 225 seem, and that of argon is 1,400 seem. Further, the 
surface temperature of the stage on which the semiconductor 
substrate is placed may be maintained at 40°C. 

30 The capping film 7 and the interlayer insulating film 6 

may be etched by use of a gas other than the above mixed gas. 
For example, it is possible to use a mixed gas consisting of 
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tetraf luoromethane (CF 4 ) , dif luoromethane (CH 2 F 2 ) , neon (Ne) , and 
argon (Ar) . 

After etching the capping film 7 and the interlayer 
insulating film 6, the stopper film 3a exposed at the opening 9 
5 is etched to form a via hole. The present embodiment is 

characterized in that the stopper film 3a is etched with the 
resist film 8 left in place. 

The stopper film 3a is preferably etched immediately after 
the capping film 7 and the interlayer insulating film 6 are 

10 etched. Specifically, these steps are preferably sequentially 

performed using the same etching equipment. This arrangement can 
enhance the throughput of the semiconductor device manufacturing 
process, as well as preventing adhesion of foreign material, 
resulting in increased yield. 

15 For example, a mixed gas consisting of tetraf luoromethane 

(CF 4 ) and nitrogen (N 2 ) is introduced into the above 2-frequency 
excitation parallel plate reactive ion etcher, and the pressure 
within the etcher is maintained at 150 mT . In this state, powers 
of 1,000 W and 200 W are applied to the upper and lower 

20 electrodes, respectively, to generate plasma. At that time, the 
flow rate ratio of the components of the etching gas may be set 
such that the flow rate of tetraf luoromethane is 50 seem and 
that of nitrogen is 300 seem. Further, the surface temperature 
of the stage on which the semiconductor substrate is placed may 

25 be maintained at 40°C. 

Thus, the present embodiment etches the stopper film 3a 
with the resist film 8 left on the capping film 7, preventing 
the capping film 7 from being etched. This can also prevent the 
interlayer insulating film 6 formed under the capping film 7 

30 from being etched. Therefore, this arrangement can prevent the 
capping film 7 and the interlayer insulating film 6 from having 
a tapered cross section, forming a via hole having good pattern 
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characteristics . 

After etching the stopper film 3a, the resist film 8, 
which is no longer necessary, is removed through ashing, forming 
a via hole 10 shown in Fig. IE. It should be noted that the 
5 copper wiring layer 1 (the under layer) is exposed at the bottom 
surface of the via hole 10. 

Incidentally, in the conventional method in which the 
resist film is ashed before the stopper film is etched, the 
ashing is carried out under a pressure of 0.1 Torr or less at a 

10 temperature equal to or lower than ambient temperature using 

oxygen (0 2 ) gas, ammonia (NH 3 ) gas, or a mixed gas consisting of 
nitrogen (N 2 ) and hydrogen (H 2 ) , for example. However, since the 
density of an interlayer insulating film decreases with 
decreasing dielectric constant, the above interlayer insulating 

15 film (6) having a low dielectric constant is likely to be 

damaged by ashing and may suffer a crack, etc. The interlayer 
insulating film will suffer considerable damage under the above 
conventional conditions. The damage is quite significant 
especially when the interlayer insulating film is a porous film 

20 having a dielectric constant of less than 2.5. 

After intensive study of this problem, the inventor has 
found that the resist film may be ashed at a temperature higher 
than ambient temperature using a mixed gas consisting of 
hydrogen and an inert gas to prevent damage to the interlayer 

25 insulating film. Examples of inert gases include gases 

unreactive with hydrogen, such as helium (He) and argon (Ar) . It 
should be noted that nitrogen (N 2 ) gas is not suitable for this 
purpose since it inflicts more damage to the interlayer 
insulating film than such inert gases. 

30 Fig. 2A shows a cross-sectional TEM (Transmission Electron 

Microscopy) photograph of a sample taken after the resist film 
has been ashed by use of a mixed gas consisting of hydrogen and 
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helium. It should be noted that for comparison, Fig. 2B shows a 
cross-sectional TEM photograph of another sample taken after the 
resist film has been ashed by use of ammonia gas. 

The sample shown in Fig. 2B is configured such that a 
5 stopper film 51, a Low-k film 52, and a capping film 53 are 
laminated onto one another over a silicon substrate 50, and a 
copper wiring layer 55 is buried in a via hole 54. The 
photograph of Fig. 2B shows that the ashing process has damaged 
the Low-k film 52; the Low-k film 52 has a void 56 and the 

10 sidewalls of the via hole 54 have a bowing shape. 

The configuration of the sample shown in Fig. 2A is 
similar to that of the sample shown in Fig. 2B. That is, the 
sample shown in Fig. 2A is configured such that a stopper film 
41, a Low-k film 42, and a capping film 43 are laminated onto 

15 one another over a silicon substrate 40, and a copper wiring 

layer 45 is buried in a via hole 44. However, the photograph of 
Fig. 2A shows that the ashing process has not damaged the Low-k 
film 42; the Low-k film 42 has no voids and the via hole 44 has 
a desirable cross-sectional shape. 

20 The ashing process preferably uses a mixed gas consisting 

of an inert gas and 1 to 40 volume percent hydrogen with respect 
to the inert gas. Mixing less than 1 volume percent of hydrogen 
reduces the ashing rate, which is not desirable in terms of 
throughput. Mixing more than 40 volume percent of hydrogen is 

25 not desirable in terms of safety. 

Fig. 3 shows how the ashing rate changes with changing 
hydrogen concentration of a mixed gas consisting of hydrogen and 
argon. As can be seen from the figure, the higher the hydrogen 
concentration, the higher the ashing rate. The volume percent of 

30 the hydrogen with respect to the argon is preferably set between 
10% and 40% to ensure sufficient throughput and safety. 

Fig. 4 shows how the ashing rate changes with changing 
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hydrogen concentration of a mixed gas consisting of hydrogen and 
helium. As can be seen from the figure, a desirable ashing rate 
can be obtained regardless of the hydrogen concentration when 
helium is used. Therefore, the amount of hydrogen mixed with the 
5 helium can be freely changed over the range between 1 volume 
percent and 40 volume percent. However, the volume percent of 
the hydrogen is preferably set between 1% and 30% when safety is 
emphasized. 

The ashing is preferably carried out at a temperature 

10 higher than ambient temperature (as described above) . 

Particularly, the temperature is preferably set between 200°C and 
400°C. Temperatures lower than 200°C lead to a decrease in the 
ashing speed, resulting in reduced throughput. Temperatures, 
higher than 400°C, on the other hand, lead to increased oxidation 

15 and diffusion of copper. It should be noted that the pressure at 
which the ashing is carried out is preferably set to an 
appropriate value according to the temperature. For example, if 
the temperature is set within the above temperature range, 
pressures between 0.1 Torr and 10 Torr are preferable in terms 

20 of throughput. 

Fig. 5 is a diagram showing how the ashing rate changes 
with temperature when a mixed gas consisting of hydrogen and 
helium is used. It should be noted that Fig. 5 also shows how 
the ashing rate changes with temperature when oxygen gas or 

25 ammonia gas is used, for comparison. The ashing was carried out 
under a pressure of 133 Pa with a plasma power of 2,000 W using 
a remote plasma apparatus . The volume percent of the hydrogen 
with respect to the helium gas was set to 5%. As shown in Fig. 5, 
the ashing rate exponentially increases with increasing 

30 temperature . 

After forming the via hole 10 in the interlayer insulating 
film 6 in the above process, a wiring groove 11 is formed over 
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the via hole 10 by a photolithographic technique. Subsequently , 
a barrier metal film 12 is formed on the' inner surfaces of the 
via hole 10 and the wiring groove 11, and then a copper layer 13 
is formed on the barrier metal film 12 such that the copper 
5 layer 13 fills the vial hole 10 and the wiring groove 11, 

forming a via plug 14 and a copper wiring layer 15, as shown in 
Fig. IF. Specifically, this step is performed as follows. 

First of all, after forming a barrier metal film such as a 
titanium nitride film or a tantalum nitride film, a copper layer 

10 is formed on it. Then, the copper layer and the barrier metal 
film are polished by a chemical metal polishing (CMP) technique 
such that the copper layer and the barrier metal film, are left 
only within the via hole and the wiring groove. 

It should be noted that other methods may be used to form 

15 the barrier metal film and bury the copper layer in the via hole 
and in the wiring groove. For example, after forming a barrier 
metal on the inner surface of the wiring groove by a CVD or CMP 
technique, copper may be buried within the wiring groove by a 
plating technique using an electrolyte predominantly composed of 

20 copper sulfate (CuS0 4 ) . 

The above steps form the via plug 14 and the copper wiring 
layer 15 on the semiconductor substrate 2 having the copper 
wiring layer 1 formed therein, as shown in Fig. IF. It should be 
noted that the copper wiring layer 15 is electrically connected 

25 with the copper wiring layer 1 through the via plug 14. 

The features and advantages of the present invention may 
be summarized as follows. 

According to the present invention, the stopper film is 
30 etched with the resist film left in place so as to prevent the 
capping film and the interlayer insulating film from being 
etched, making it possible to manufacture a semiconductor device 
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having a desirable pattern shape. 

Further according to the present invention, the resist 
film is removed through ashing at a temperature higher than 
ambient temperature using a mixed gas consisting of hydrogen and 
an inert gas so as to prevent damage to the interlayer 
insulating film, making it possible to manufacture a 
semiconductor device having good characteristics. 

Obviously many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that within the 
scope of the appended claims the invention may be practiced 
otherwise than as specifically described. 

The entire disclosure of a Japanese Patent Application No. 
2003-143302, filed on June 21, 2003 including specification, 
claims, drawings and summary, on which the Convention priority 
of the present application is based, are incorporated herein by 
reference in its entirety. 



